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Epitome 

(57) [Abstract] 

[Technical problem] Mitigate the mutual intervention of the axial dynamic pressure section and the radial 
dynamic pressure section in a ringHike liquid hydrodynamic bearing. 

[Means for Solution] In the ring-like liquid hydrodynamic bearing 1 which is supported by bearing 5 and changes 
the shank 4 which a ring 3 is fixed to edge 2A of the axial body 2, and changes The annular space 8 and 9 for 
collecting the lubricating oils for dynamic pressure generating along with the adjacent part of radial dynamic 
pressure bearing and axial dynamic pressure bearing which were formed between a ring 3 and bearing 5 is 
formed. It is made to maintain at atmospheric pressure through the path which formed the annular space 8 and 9 
in bearing 5, and was made for negative pressure not to occur in the border area of both dynamic pressure 
bearing. 
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CO 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the shank which a ring is fixed to the edge of an axial body and changes, and bearing which 
supports said shank through this ring. In the ring-like liquid hydrodynamic bearing by which they are formed 
between said rings and said bearings as radial dynamic pressure bearing and axial dynamic pressure bearing 
adjoin each other The liquid hydrodynamic bearing characterized by maintaining this annular space at 
atmospheric pressure while preparing the annular space for collecting the lubricating oils for dynamic pressure 
generating along with the adjacent part of said radial dynamic pressure bearing and said axial dynamic pressure 
bearing. 

[Claim 2] The liquid hydrodynamic bearing according to claim 1 said whose annular space is the annular space 
prepared by forming a step in the corner section of said ring. 

[Claim 3] The liquid hydrodynamic bearing according to claim 1 or 2 in which the axial dynamic pressure 
generating slot for forming said axial dynamic pressure section in said ring and the radial dynamic pressure 
generating slot for forming said radial dynamic pressure section are formed. 

[Claim 4] The liquid hydrodynamic bearing according to claim 1 said whose annular space is the annular space 
prepared by the step formed in the corner section of said ring, and the annular crevice formed in said bearing 
corresponding to this step. 
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[Claim 5] The liquid hydrodynamic bearing according to claim 1 which ** which is open for free passage to 
atmospheric air was prepared [ hydrodynamic bearing ] in said bearing, and maide said annular space open this ** 
for free passage through a diaphragm. 

[Claim 6] The liquid hydrodynamic bearing according to claim 1 which forms the path for making atmospheric air 
open said clearance for free passage in the inner skin of said ring, and enabled it to circulate through a 
lubricating oil by said clearance and path while preparing the clearance between the end face of said axial body, 
and said bearing which counters this. 

[Claim 7] The spindle motor constituted by claim 1 thru/or either of 6 using the liquid hydrodynamic bearing of a 
publication. 

[Claim 8] The spindle motor used for the rotation drive of the storage constituted by claim 1 thru/or either of 6 
using the liquid hydrodynamic bearing of a publication. 
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DETAILED DESCRIPTION 

! ■-' ™ ~ 1 ~ c ^ 

[Detailed Description of the Invention] j 

[0001] 1 

[Field of the Invention] This invention relates to the spindle motor using the ring-like liquid hydrodynamic bearing 

and this which the axial dynamic pressure section and the radial dynamic pressure section adjoin mutually. 

[0002] 

[Description of the Prior Art] The liquid hydrodynamic bearing which is equipped with a shank and bearing which 
supports this shank, forms a dynamic pressure generating slot in either of both opposed faces, forms layers, 
such as a high-pressure lubricating oil, in the minute clearance between both at the time of rotation of a shank, 
and was made to realize non-contact rotation of a shank is used as bearing of spindle motors, such as a hard 
disk drive unit. 

[0003] The conventional ring-like liquid hydrodynamic bearing is shown to drawing 8 by the sectional view. The 
ring-like liquid hydrodynamic bearing 100 is equipped with the shank 103 which fixes a ring 102 to edge 101 A of 
the axial body 101 by press fit, and turns to it, and the bearing 104 which supports this shank 103, and changes 
that the ring 102 of the shank 103 contained by crevice 105A of the body 105 of bearing 104 free [ rotation ] 
escapes from and comes out of crevice 105A with the configuration pressed down by the disc-like thrust 
presser-foot member 106. 

[0004] The axial dynamic pressure generating slots G1 and G2 are formed in top-face 102A of a ring 102, and 
inferior-surface-ol^ongue 102B, respectively, and radial dynamic pressure generating slot G3 is formed in 
peripheral surface 102C of a ring 102. If the lubricating oil for dynamic pressure generating is held between a 
shank 103 and bearing 104, therefore a shank 103 rotates, between top-face 102A and the disc-like thrust 
presser-foot member 106, axial dynamic pressure will occur by the axial dynamic pressure generating slot G1, 
and axial dynamic pressure will occur by the axial dynamic pressure generating slot G2 between inferior- 
surface-of-tongue 102B and the base of crevice 105A. And between peripheral surface 102C and the inner skin 
of crevice 105A, radial dynamic pressure occurs by radial dynamic pressure generating slot G3. Consequently, 
between a shank 103 and bearing 104, the axial hydrodynamic bearing and radial hydrodynamic bearing which are 
a high-pressure lubricating oil layer are formed, and the non-contact rotation of the shank 103 can be carried 
out 
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[0005] ■ 

[Problem(s) to be Solved by the Invention] Like since the conventional ring-like liquid hydrodynamic 

bearing has the composition that the radial dynamic pressure generating side and the axial dynamic pressure 
generating side adjoin each other, it has the following problems. That is, when a shank 103 rotates, by top-face 
102A of a ring 102, inferior-surface-of-tongue 102B, the axial dynamic pressure generating slot G1 currently 
formed in peripheral surface 102C, respectively, the axial dynamic pressure generating slot G2, and radial 
dynamic pressure generating slot G3, a lubricating oil will be pulled by the central part of each dynamic pressure 
generating side, and negative pressure will arise in the adjacent part of the adjacent part and inferior-surface- 
of-tongue 102B, and peripheral surface 102C of top^ace 102A and peripheral surface 102C. Since it becomes 
easy to generate air bubbles in the part which this dynamic pressure generating side adjoins as a result of 
negative pressure generating by this mutual intervention and the flow of a lubricating oil was checked, sufficient 
dynamic pressure did not occur but there was fault that bearing rigidity will fall. 

[0006] The purpose of this invention is to follow and offer the spindle motor using the liquid hydrodynamic 
bearing and this which enabled it to solve the above-mentioned trouble in the conventional technique. 
[0007] 

[Means for Solving the Problem] The shank which according to this invention a ring is fixed to the edge of an 
axial body and changes in order to solve the above-mentioned technical problem, In the ring-like liquid 
hydrodynamic bearing by which it has bearing which supports said shank through this ring, and they are formed 
between said rings and said bearings as radial dynamic pressure bearing and axial dynamic pressure bearing 
adjoin each other While preparing the annular space for collecting the lubricating oils for dynamic pressure 
generating along with the adjacent part of said radial dynamic pressure bearing and said axial dynamic pressure 
bearing, the liquid hydrodynamic bearing characterized by maintaining this annular space at atmospheric pressure 
is proposed. 

[0008] If relative rotation arises between a shank and bearing, the lubricating oil of each dynamic pressure 
bearing can be drawn near to each of those cores, and, thereby, necessary dynamic pressure will generate it. For 
this reason, lubricating oils tend to decrease in number in the field to which radial dynamic pressure bearing and 
axial dynamic pressure bearing adjoin each other. Since lubricating oils are collected in the annular space 
prepared along with the part which both dynamic pressure bearing adjoins and the inside of this annular space is 
maintained at atmospheric pressure, the lubricating oil needed in dynamic pressure bearing is smoothly supplied 
out of this annular space. Therefore, a mutual intervention is not produced between both dynamic pressure 
bearings. Consequently, since negative pressure does not occur in the part which both dynamic pressure bearing 
adjoins and air bubbles are not generated in a lubricating oil, bearing rigidity can be made high compared with the 
former. 

[0009] A radial hydrodynamic bearing can be formed by establishing a dynamic pressure generating slot in the 
inside of bearing which counters the peripheral face of a ring, or this. An axial hydrodynamic bearing can be 
formed by establishing a dynamic pressure generating slot at least in one side of the flat-surface part which 
adjoins the peripheral face of a ring. Or a dynamic pressure generating slot may be formed in the inside of 
bearing which counters a flat-surface part. 

[0010] The annular space for collecting lubricating oils can be prepared by forming the annular crater section in 
a border area with the flat surface which adjoins the peripheral face of a ring, and this. The cross-section 
configuration of this crater section can be made into the stage configuration of the arbitration of radii or a L 
character mold etc. Since the annular space for collecting lubricating oils is maintained at atmospheric pressure, 
the free passage means for making atmospheric air open the above-mentioned space for free passage can be 
formed in bearing. A diaphragm is prepared in this free passage means, and a lubricating oil can be prevented 
from revealing outside from annular space by this. 

[0011] According to this invention, the clearance is further prepared between the end face of said axial body, 
and said bearing which counters this, the path for making the inner skin of said ring open said clearance for free 
passage to atmospheric air is formed, and the configuration which enabled it to circulate through a lubricating oil 
by said clearance and path is proposed. When it considers as the configuration which generates axial dynamic 
pressure among the flat-surface parts of a ring between the flat-surface part by the side of the end face of an 
axial body, and bearing according to this configuration, even if the lubricating oil which is in the above-mentioned 
clearance at the time of dynamic pressure generating can draw near to a ring side It can prevent effectively that 
negative pressure occurs in the above-mentioned clearance for the lubricating oil through which it circulates in 
this clearance through the path which is open for free passage to atmospheric air. Consequently, in the flat- 
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surface part concerned, dynamic pressure occurs good and can make bearing rigidity higher. 

[0012] In addition, the annular space for collecting lubricating oils in the case of which may be a configuration 

prepared by forming a circular sulcus etc. in the part to which it is not limited to the configuration prepared by 

processing a ring, it replaces with this, or bearing is equivalent in addition to this. 

[0013] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains to a detail per example of the 
gestalt of operation of this invention. Drawing 1 is the sectional view showing an example of the gestalt of 
operation of the ring-like liquid hydrodynamic bearing by this invention. This ring-like liquid hydrodynamic bearing 
1 is equipped with the shank 4 which fixes a ring 3 to edge 2A of the axial body 2 by press fit, and turns to it, 
and the bearing 5 which supports this shank 4. Bearing 5 has the bearing body 6 and the disc-like thrust 
presser-foot member 7. 

[0014] The configuration of bearing 5 is explained referring to drawing 2 . In crevice 6A of the bearing body 6, 
the annular member 61 is inserted in inner skin 6Aa of crevice 6A, and is being fixed. The ring 3 of the shank 4 
contained free [ rotation in crevice 6A of the bearing body 6 with which the annular member 61 is attached like 
the above ] is pressed down by the thrust presser-foot member 7, and has the composition that a ring 3 
escapes from it and does not come out of crevice 6A. And the lubricating oil is held between bearing 5 and the 
bearing body 6. 

[0015] The ring 3 is expanded and shown in drawing 3 . The radial dynamic pressure generating slot GR is formed 
in peripheral face 3A of a ring 3, and the axial dynamic pressure generating slot GA1 is formed in flat-surface 
partial 3B which adjoins peripheral face 3A of a ring 3. Although it is not visible in drawing 3 , the axial dynamic 
pressure generating slot GA2 is formed also as well as flat-surface partial 3C of the opposite side of flat- 
surface partial 3B (refer to drawing 1 ). Each can form the radial dynamic pressure generating slot GR and the 
axial dynamic pressure generating slots GA1 and GA2 in a ring 3 by the well-known approach. 
[0016] If a ring 3 rotates within the bearing 5 which consists of a bearing body 6 and a thrust presser-foot 
member 7 as shown in drawing 1 since the ring 3 is formed as mentioned above, the radial dynamic pressure 
section will be formed of peripheral face 3A and inner skin 61 A of the annular member 61 which counters this. It 
can come, simultaneously the axial dynamic pressure section is formed of flat-surface partial 3B and base 7A of 
the thrust presser-foot member 7 which counters this, and the axial dynamic pressure section is formed of flat- 
surface partial 3C and base 6Ab of crevice 6A which counters this. 

[0017] Since the radial dynamic pressure section and the axial dynamic pressure section which are formed like 
the above between a shank 4 and bearing 5 adjoin each other mutually, they have the inclination which interferes 
each other mutually as already explained. In order to lose this mutual intervention, annular step 3D and 3E are 
prepared in the part which becomes a ring 3 with the boundary of the radial dynamic pressure section and the 
axial dynamic pressure section. A cross section is a L characteiHike step and, as for annular step 3D, peripheral 
face 3A and flat-surface partial 3B are separated by annular step 3D. And annular step 3D forms the annular 
space 8, when a shank 4 and bearing 5 are put together, and it is used for the annular space 8 collecting the 
lubricating oils for dynamic pressure generating (refer to drawing 1 ). 

[0018] On the other hand, similarly, a cross section is a L character-like step and peripheral face 3A and flat- 
surface partial 3C are separated for annular step 3E by annular step 3E. And annular step 3E forms the annular 
space 9, when a shank 4 and bearing 5 are put together, and it is used for the annular space 9 collecting the 
lubricating oils for dynamic pressure generating (refer to drawing 1 ). Circular-sulcus 61 B is formed in the end 
edge of the annular member 61 as shown in the detail at drawing 2 . The height of inside annular wall 61 Ba which 
constitutes circular-sulcus 61 B is lower than the height of outside annular wall 61 Bb, and, thereby, the annular 
space 8 and circular-sulcus 61 B will be in a free passage condition in the assembly condition of the ring-like 
liquid hydrodynamic bearing 1. And circular-sulcus 61 B is open for free passage to two or more through tubes 71 
opened in the thrust presser-foot member 7, and can maintain at atmospheric pressure the pressure of the 
lubricating oil collected in the annular space 8 by this. 

[0019] here — the inside — annular — the minute gap committed as oil seal is formed between wall 61 Ba and 
the thrust presser-foot member 7 — as — the inside — annular — the height of wall 61 Ba is set up, and 
thereby, although the annular space 8 and circular-sulcus 61 B are open for free passage, it has the composition 
that the lubricating oil in the annular space 8 does not flow in in circular-sulcus 61 B. Similarly, circular-sulcus 
61 C is formed also in the other end edge of the annular member 61, the height of the inside annular wall 
61 calcium is lower than the height of outside annular wall 61 Cb, and, thereby, the annular space 9 and circular- 
sulcus 61 B will be in a free passage condition in the assembly condition of the ring-like liquid hydrodynamic 
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bearing 1. And atmospheric.air is open for free passage with two or more through tubes 62 opened in the bearing 
body 6, and, thereby, circular-sulcus 61 C can maintain at atmospheric pressure the pressure of the lubricating 
oil collected in the annular space 9. 

[0020] Here, the height of inside annular wall 61 calcium is set up so that the minute gap committed as oil seal 
may be formed between inside annular wall 61 calcium and base 6Ab, and thereby, although the annular space 9 
and circular-sulcus 61 C are open for free passage, it has the composition that the lubricating oil in the annular 
space 9 does not flow in in circular-sulcus 61 C. As shown in drawing 1 , the minute space 10 is formed between 
lower limit side 2B of the axial body 2, and base 6Ab of a crevice 6, and it fills up with the lubricating oil also in 
this minute space 10. On the other hand, the annular sump ball space 11 is formed near [ upper limit marginal / 
of a ring 3 ] inner skin 3F, and this sump ball space 1 1 is open for free passage with atmospheric air through the 
clearance between the axial body 2 and inner skin 7B of the thrust presser-foot member 7. And between the 
ring 3 and the axial body 2, the paths 32 and 33 which open the minute space 10 and the sump ball 1 1 for free 
passage are formed. 

[0021] When drawing 3 was referred to, Flutings 3G and 3H are formed in inner skin 3F of a ring 3 and the axial 
body 2 is inserted in a ring 3 in order to form paths 32 and 33, it has the composition that paths 32 and 33 are 
formed between a ring 3 and the axial body 2 of these flutings 3G and 3H. Since the ring-like liquid hydrodynamic 
bearing 1 is constituted as mentioned above, if a shank 4 rotates to bearing 5 The lubricating oil currently held 
between a shank 4 and bearing 5 is pressurized by the radial dynamic pressure generating slot GR and the axial 
dynamic pressure generating slots G1 and G2 in the minute clearance between a shank 4 and bearing 5. By this 
Between a shank 4 and bearing 5, as the radial dynamic pressure section and the axial dynamic pressure section 
which were mentioned above adjoin each other, they are formed. 

[0022] Since the annular space 8 currently maintained at atmospheric pressure like the above is formed in the 
ring-like liquid hydrodynamic bearing 1 and the lubricating oil is filled here The lubricating oil pulled by the radial 
dynamic pressure generating slot GR towards the core of periphery section 3A of a ring 3 and the lubricating oil 
pulled by the axial dynamic pressure generating slot GA1 towards the core of flat-surface partial 3B of a ring 3 
It is supplied without making the part which both the dynamic pressure generating section adjoins to the 
lubricating oil in the annular space 8 produce negative pressure. For this reason, since a mutual intervention 
does not arise between the radial dynamic pressure section formed of the radial dynamic pressure generating 
slot GR, and the axial dynamic pressure section formed of the axial dynamic pressure generating slot GA1 and 
air bubbles do not arise in a lubricating oil, a good dynamic pressure property is acquired, and high bearing 
rigidity is realized. 

[0023] For the lubricating oil currently filled in the annular space 9 currently kept the same to atmospheric 
pressure The lubricating oil pulled by the radial dynamic pressure generating slot GR towards the core of 
periphery section 3A of a ring 3 and the lubricating oil pulled by the axial dynamic pressure generating slot GA2 
towards the core of flat-surface partial 3C of a ring 3 It is supplied without making the part which both the 
dynamic pressure generating section adjoins to the lubricating oil in the annular space 9 produce negative 
pressure. For this reason, since a mutual intervention does not arise between the radial dynamic pressure 
section formed of the radial dynamic pressure generating slot GR, and the axial dynamic pressure section formed 
of the axial dynamic pressure generating slot GA2 and air bubbles do not arise in a lubricating oil, a good 
dynamic pressure property is acquired and high bearing rigidity is realized. 

[0024] The ringHike liquid hydrodynamic bearing 1 can prevent that the inside of the minute space 10 becomes 
negative pressure, when the lubricating oil in the minute space 10 is pulled between flat-surface partial 3C of a 
ring 3, and base 6Ab of the bearing body 6 for the dynamic pressure section generated by the axial dynamic 
pressure generating slot GA2 by forming paths 32 and 33 again. Consequently, the dynamic pressure engine 
performance of the axial dynamic pressure section formed of the axial dynamic pressure generating slot GA2 can 
be raised, and the axial rigidity of the ring-like liquid hydrodynamic bearing 1 can be raised further. 
[0025] As mentioned above, although an example of the gestalt of operation of the ring-like liquid hydrodynamic 
bearing by this invention was explained, this invention is not limited to the configuration of the gestalt of this 
operation. In order to maintain the annular space 8 and 9 at atmospheric pressure, the gestalt of operation of 
the ring-like liquid hydrodynamic bearing which adopted the configuration other than the configuration shown in 
drawing 1 is shown in drawing 4 . At the ring-like liquid hydrodynamic bearing 31 shown in drawing 4 , instead of 
the annular member 61, as shown in drawing 5 , it differs from the ring-like liquid hydrodynamic bearing 1 at the 
point using the annular member 320 which prepared notching 32Aa and 32Ba in upper limit marginal 32A and 
lower limit marginal 32B, respectively. While making a through tube 71 open the annular space 8 for free passage 
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through notching 32Aa, it minds notching 32Ba and the through tube 62 is made to open the annular space 9 for 
free passage in the ring-like liquid hydrodynamic bearing 31. 

[0026] The annular member 320 is a configuration simpler than the annular member 61, and since processing is 
easy, it can expect reduction of cost. The gestalt of still more nearly another operation of the ring-like liquid 
hydrodynamic bearing by this invention is shown in drawing 6 . This ring-like liquid hydrodynamic bearing 41 
forms a fluting 42 in some places of inner skin 6Aa of crevice 6A of the bearing body 6, makes atmospheric air 
open this fluting 42 for free passage through the through tube 43 which opened in the peripheral wall section of 
the bearing body 6, and, thereby, maintains the annular space 8 and 9 at atmospheric pressure. 
[0027] According to this configuration, since the annular member 61,320 is unnecessary, components mark can 
decrease, and reduction of assembly cost can be aimed at. Drawing 7 is the sectional view showing an example 
of the gestalt of operation of the spindle motor constituted using the ring-like liquid hydrodynamic bearing 31 
shown in drawing 4 . The ring-like liquid hydrodynamic bearing 31 which showed this spindle motor 21 to the 
base 22 at drawing 4 is included in one. That is, the bearing body 6 of the ring-like liquid hydrodynamic bearing 
31 is formed in the base 22 and one. The hub 23 is being fixed to the axial body 2 of the ring-like liquid 
hydrodynamic bearing 31, and the rotator magnet 24 attached in the hub 23 and the stator coil 25 attached in 
the base 22 have countered it with a minute gap. 

[0028] Since the spindle motor 21 is constituted as mentioned above, if a current is passed in the stator coil 25, 
the hub 23 currently supported by the ring-like liquid hydrodynamic bearing 31 free [ rotation ] can be rotated. In 
this case, since its dynamic pressure engine performance is high since the ring-like liquid hydrodynamic bearing 
31 is constituted like ****, and that axial rigidity is high, stability can be made to rotate a hub 23. For this 
reason, when a magnetic disk is attached in a hub 23 with a well-known proper means, for example, stability can 
be made to be able to rotate this magnetic disk extremely, and magnetic recording of high density and reading 
can be extremely made possible. 

[0029] In addition, it can be used instead of the ring-like liquid hydrodynamic bearing 31 of the spindle motor 21 
which showed the ring-like liquid hydrodynamic bearings 1 and 41 shown in drawing 1 and drawing 6 to drawing 
7 , and the same effectiveness can be acquired. 
[0030] 

[Effect of the Invention] Since according to this invention the annular space for accumulating the lubricating oil 
in the part which axial dynamic pressure bearing and radial dynamic pressure bearing adjoin in the ring-like liquid 
hydrodynamic bearing is prepared and the pressure of this annular space was held to atmospheric pressure The 
mutual intervention between both dynamic pressure bearings can be prevented effectively, it can avoid certainly 
that air bubbles are generated in a lubricating oil in these adjacent fields, axial rigidity can be made high 
compared with the former, and the liquid hydrodynamic bearing of high performance can be offered. 
[0031] Moreover, since it was made to make atmospheric air open for free passage the minute space formed of 
an axial body and bearing using a circulation path, the dynamic pressure property of the dynamic pressure 
generating section which stands in a row to this minute space is remarkably improvable. Moreover, by 
constituting a spindle motor using this liquid hydrodynamic bearing, the stable rotation is obtained and that of 
high performance can also realize a motor more. 
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[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing an example of the gestalt of operation of the ring-like liquid 
hydrodynamic bearing by this invention. 

[Drawing 2] The decomposition perspective view of bearing shown in drawing 1 . 
[Drawing 3] The expansion perspective view of the ring shown in drawing 1 . 

[Drawing 4] The sectional view showing the gestalt of other operations of ring-like liquid dynamic pressure 
bearing by this invention. 

[Drawing 5] The expansion perspective view of the annular member shown in drawing 4 . 

[Drawing 6] The sectional view showing the gestalt of another operation of ring-like liquid dynamic pressure 

bearing by this invention. 

[Drawing 7] The sectional view showing an example of the gestalt of the spindle motor constituted using the 
ring-like liquid hydrodynamic bearing shown in drawing 4 . 

[Drawing 8] The sectional view of the conventional ring-like liquid hydrodynamic bearing. 

[Description of Notations] 

1, 31, 41 Ring-like liquid hydrodynamic bearing 

2 Axial Body 

3 Ring 

3D, 3E Annular step 
3G, 3H 

4 Shank 

5 Bearing 

6 Bearing Body 

7 Thrust Presser-Foot Member 

8 Nine Annular space 

10 Minute Space 

1 1 Sump Ball Space 

GA1, GA2 Axial dynamic pressure generating slot 
GR Radial dynamic pressure generating slot 
21 Spindle Motor 
32 33 Path 
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[Drawing 3] 
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[Drawing 5] 
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